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In 2000, an actinomycete strain that showed strong antibacterial activity in culture extracts was isolated from a soil sample. The antibiotic activity corresponds to a lipopeptide complex that was named friulimycin, as the producing micro-organism was isolated from a soil sample from the region of Friaul in Italy. Taxonomic investigations showed that the producer strain belonged to a novel species of the genus Actinoplanes, for which the name Actinoplanes friuliensis was proposed. During further taxonomic studies, another antibiotic-producing isolate belonging to the genus Actinoplanes, FH 2241 T , was characterized; in a patent, the name 'Actinoplanes nipponensis' was proposed for this strain. This organism was shown to be related to A. friuliensis. 'A. nipponensis' was never described in detail and the name was never validly published. Here we present a complete description of Actinoplanes nipponensis sp. Antibacterial agents still play an important role in pharmaceutical research because of the increasing resistance of pathogens, especially those responsible for nosocomial infections in humans. In one of our screening programmes for antibacterials, we detected a strong activity in the culture extract of an orange non-aerial-mycelium-forming strain. This strain (HAG 010964 T ) was described by Aretz et al. (2000) under the patent accession number DSM 7358 and the name Actinoplanes friuliensis was validly published in 2001 (Aretz et al., 2001) . The antibiotic activity corresponds to a lipopeptide complex that was named friulimycin (Fig. 1 ) based on the fact that the producing micro-organism was isolated from a soil sample from the region of Friaul in Italy.
A study of the morphology, biochemical characters and MALDI-TOF mass spectrum of a second strain, in agreement with 16S rRNA gene sequence-based phylogenetic analysis, showed later that a member of a second species of the genus Actinoplanes related to this strain had been found. This strain has been described previously as 'Actinoplanes nipponensis' (Celmer et al., 1977) , but the name was never validly published. On the basis of a polyphasic approach, we present here a completed description of Actinoplanes nipponensis sp. nov. and an emended description of A. friuliensis. The morphological and physiological characteristics of the strains were observed by using agar cultures incubated for 10 days at 28 u C on the various media described by Shirling & Gottlieb (1966) : yeast extract-malt extract agar (ISP 2), oatmeal agar (ISP 3), inorganic salts-starch agar (ISP 4), glycerol-asparagine agar (ISP 5), peptone-yeast extract-iron agar (ISP 6) and tyrosine agar (ISP 7). For observation of the fine structure of mycelium and spores, strains were grown on a complex medium (l
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: 3.0 g sucrose, 15.0 g dextrin, 1.0 g meat extract, 2.0 g yeast extract, 5.0 g tryptone soy broth, 0.5 g NaCl, 0.5 g K 2 HPO 4 , 0.5 g MgSO 4 . 7H 2 O, 0.01 g FeSO 4 . 7H 2 O and 20 g agar) and a piece of agar was fixed with glutaraldehyde according to the method described by Wink et al. (1992) . Samples were dried at the critical point using CO 2 , fixed on a brass cylinder and covered with gold using a Humer Junior chamber. The samples were examined in a JEOL TS20 scanning electron microscope. Table S1 (available in IJSEM Online) shows the differences between the strains in colony characteristics: strain HAG 010964
T was the only one that formed a pastel-orange substrate mycelium on some of the ISP media; strain FH 2241 T formed a deep-orange substrate mycelium and a red soluble pigment on ISP 7 medium. Table 1 shows the pattern of carbohydrate utilization and some enzyme activities, which show the high similarity within the genus Actinoplanes. Scanning electron microscope characterization of strain HAG 010964 T showed the formation of irregular sporangia, which are characteristic of this strain (Fig. 2) .
Utilization of carbohydrates was investigated on ISP 9 medium (Shirling & Gottlieb, 1966 ) using a microplate technique with 12-well plates (Wink, 2002) . NaCl tolerance was also tested on microtitre plates (6-well) using a technique based on the method of Kutzner et al. (1986) . A fingerprint of enzyme activities was obtained with the help of API ZYM test strips (Humble et al., 1977) . In addition, all strains were characterized by using the method of Kämpfer et al. (1991) . The results are given in Table 1 .
Analysis of whole-cell diaminopimelic acid isomers and sugars was done by the method of Hasegawa et al. (1983) . The phospholipids and menaquinones were analysed by the method of Kroppenstedt (1985) . For whole-cell fatty acid pattern analysis, the fast method using TMSH was applied (Wink, 2004) in addition to the method of Kämpfer & Kroppenstedt (1996) . Results are given in Table 2 .
Biomass of strains HAG 010964
T and FH 2241 T for analysis of the diagnostic diamino acid of the peptidoglycan, polar lipids and menaquinones was grown aerobically on liquid organic medium M79 (DSMZ medium 426) for 3 days at 28 u C. Polar lipids, the diagnostic diamino acid of the peptidoglycan and menaquinones were studied by using the methods described by Groth et al. (1996) . Polar lipids extracted by the method of Minnikin et al. (1977) were identified by two-dimensional TLC as described by Collins & Jones (1980) . Menaquinones were extracted as described by Collins et al. (1977) and analysed by HPLC (Groth et al., 1996) .
Based upon the presence of genus-specific chemotaxonomic properties, e.g. meso-diaminopimelic acid in the peptidoglycan, xylose and glucose as diagnostic sugars in cell hydrolysates, menaquinone MK-9(H 4 ), phosphatidylglycerol, phosphatidylethanolamine, phosphatidylserine and unknown phospholipids as characteristic phospholipids and iso-branched fatty acids, strains HAG 010964 T and FH 2241
T are clearly members of the family Actinoplanaceae. Both strains contained meso-diaminopimelic acid as the diagnostic amino acid of the cell wall.
Strains HAG 010964
T and FH 2241 T exhibited nearly the same polar lipid profile of phospholipid type PII according to Lechevalier et al. (1977) , which is characterized by the presence of the major compounds diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylinositol (Fig.  3 ). This has been reported for other species of the genus Actinoplanes: by Goodfellow et al. (1990) for Actinoplanes auranticolor, A. caeruleus, A. campanulatus, A. consettensis, A. derwentensis, A. digitatis, A. durhamensis, A. humidus, A. italicus, A. lobatus, A. missouriensis, A. palleronii, A. regularis and A. utahensis, by Matsumoto et al. (2000) for Actinoplanes capillaceus, by Wink et al. (2006) for Actinoplanes liguriensis and A. teichomyceticus and by Kämpfer et al. (2007) for Actinoplanes couchii. In addition, three unknown phospholipids, one glycolipid and two unknown lipids were detected. In contrast to earlier reports for strain FH 2241 T after spraying with ninhydrin, trace amounts of an unknown aminolipid were detected in addition to phosphatidylethanolamine. The spot of phosphatidylinositol was very close below this aminolipid. It was also detected in strain HAG 010964 T , but in smaller amounts. Both strains exhibit a quinone system with the predominant compounds MK-9(H 4 ) and MK-9(H 6 ), minor amounts of MK-9(H 2 ) [FH 2241 T : 9(H) 6 , 9(H) 4 , 9(H 2 ) (56 : 25 : 10); HAG 010964 T : 9(H 6 ), 9(H 4 ), 9(H 2 ) (61 : 25: 6)]. This also supports the affiliation of the strains to the genus Actinoplanes.
For the isolation of DNA, cells were grown on DSMZ medium 65 (http://www.dsmz.de). Automated ribotyping of strains HAG 010964 T and FH 2241 T and the reference type strains was accomplished by using the RiboPrinter system (DuPont, Qualicon; Bruce, 1996) and PvuII as restriction enzyme. The analysis was done with the BioNumerics software package (Applied Maths). Extraction of genomic DNA, amplification of the 16S rRNA gene by PCR and purification of PCR products were carried out as described by Rainey et al. (1996) .
For re-evaluation of the 16S rRNA gene sequence phylogeny, the 16S rRNA genes of strains HAG 010964 T and FH 2241 T were amplified by PCR and sequenced using universal primers 27F and 1492R (Lane, 1991) . Because the sequences were identical to previously published sequences with the accession numbers FR733685 and AB047498, these were used for the analysis. Phylogenetic analyses were performed in ARB release 5.2 (Ludwig et al., 2004) Pruesse et al., 2007) and implemented in the ARB database. The alignment was controlled manually based on secondary structure information. Pairwise sequence similarities were calculated in ARB without the use of an evolutionary substitution model. Phylogenetic trees were reconstructed with the maximumlikelihood method using RAxML version 7.04 (Stamatakis, 2006) with GTR-Gamma and rapid bootstrap analysis, the neighbour-joining method with the Jukes-Cantor correction (Jukes & Cantor, 1969) and the maximum-parsimony method using DNAPARS version 3.6 (Felsenstein, 2005) . All phylogenetic trees were calculated with 100 resamplings (bootstrap analysis; Felsenstein, 1985) and based on 16S rRNA gene sequences between positions 57 and 1450, according to the Escherichia coli numbering (Brosius et al., 1978) .
Comparison of the 16S rRNA gene sequence of strain HAG 10964 T with those of members of the class Actinobacteria showed that similarities of 97 % or higher existed to the type strains of eight species of the genus Actinoplanes: A. consettensis (99.0 %), A. humidus (98.9 %), A. nipponensis (98.1 %), A. palleronii (97.7 %), A. utahensis (97.5 %), A. regularis (97.4 %), A. brasiliensis (97.4 %) and A. digitatis (97.4 %). The reconstruction of phylogenetic trees showed that strain HAG 010964
T formed a distinct cluster with the type strains of A. consettensis and A. humidus (Fig. 4) independent of the treeing method used. In contrast, the phylogenetic relationship of the type strains of other Actinoplanes species, including A. nipponensis, varied depending on the treeing method used and the strains included in the calculation of the phylogenetic trees (not shown). The eight most closely related strains were used together with strain FH2241
T for further investigations. DNA-DNA hybridization experiments were performed with strain FH 2241 T and the type strains of the most closely related species of the genus Actinoplanes (showing .97.5 % 16S rRNA gene sequence similarities) using the method described by Ziemke et al. (1998) , except that 2 mg DNA was labelled for nick translation during a 3 h incubation at 15 u C. Strain FH 2241 T showed relatively low DNA-DNA relatedness to all of these strains (always ,60 %; details not shown).
Sample preparation for MALDI-TOF MS protein analysis was carried out according to the ethanol/formic acid extraction protocol as described by Tó th et al. (2008): approx. 10 mg biomass from liquid cultures [cultivation in medium containing (l 21 ) 10.0 g soluble starch, 2.0 g yeast extract, 10.0 g glucose, 10.0 ml glycerol, 2.5 ml corn steep liquor, 2.0 g peptone, 1.0 g NaCl and 3.0 g CaCO 3 , pH 7.2, for 10 days at 28 u C] was suspended in 300 ml water by careful mixing. The suspension was then mixed with 900 ml ethanol. The biomass was collected by centrifugation and the pellet was resuspended in 50 ml 70 % formic acid. The suspension was mixed carefully with 50 ml acetonitrile. Immediately after centrifugation, the supernatant was removed and aliquots of 1.5 ml were placed on each spot of a stainless-steel target plate. After air-drying, 1.5 ml matrix solution (saturated solution of a-cyanohydroxycinnaminic acid in 50 % aqueous acetonitrile containing 2.5 % trifluoroacetic acid) was applied per spot. MALDI-TOF MS was conducted using a Microflex L20 mass spectrometer (Bruker Daltonics) equipped with a N 2 laser. All spectra were recorded in linear, positive-ion mode. The acceleration voltage was 20 kV. Spectra were collected as a sum of 250 shots across a spot. A mass range of 2000-20 000 m/z was used for analysis. The Bacterial Test Standard # 255343 (Bruker Daltonics) was used for internal calibration.
MALDI-TOF MS spectra were smoothed, baseline-corrected and recalibrated using the Flexanalysis software (version 3.3; Bruker Daltonics). A score-orientated dendrogram was calculated by using the BioTyper software (version 3.1; Bruker Daltonics). MALDI-TOF mass spectrometry results (Fig. 5 ) support the view that strains HAG 010964 T and FH 2241 T belong to two species within the genus Actinoplanes; we therefore propose the name Actinoplanes nipponensis sp. nov., with FH 2241 T as the type strain, and present an emended description of Actinoplanes friuliensis.
Emended description of Actinoplanes friuliensis Aretz et al. 2001
The description is that of Aretz et al. (2000) . In addition, the following characters are observed. Only substrate mycelium is formed. The colour of the substrate mycelium is pastel orange (RAL 2) on ISP media 2, 3, 4, 5 and 6 and red-orange (RAL 3011) on ISP 7 medium. No soluble pigment is produced. After about 10 days, irregular sporangia are observed on sporophores. The spores within the sporangia have a diameter of about 1.0 mm and are oval with a smooth surface. meso-Diaminopimelic acid is the diagnostic diamino acid of the peptidoglycan. Cell hydrolysates contain the sugars xylose and glucose. The principal menaquinones are MK-9(H 6 ), MK-9(H 4 ) and MK-9(H 2 ) in the ratio 61 : 25 : 6. The diagnostic phospholipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylserine, an unknown glycolipid and various unknown phospholipids (Fig. 3) . The fatty acid methyl ester pattern is mainly composed of iso-C 14 : 0 , iso- rhamnose, raffinose and xylose are utilized. Tests for activities of alkaline phosphatase, esterase (C4), esterase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, bgalactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetylglucosaminidase and a-mannosidase are positive. Tests for activities of lipase (C14) and afucosidase are negative. The type strain produces the lipopeptide complex friulimycin (Fig. 1) . The type strain is HAG 010964 T (5DSM 45797 T 5CCUG 63250 T ), isolated from soil.
Description of Actinoplanes nipponensis sp. nov.
Actinoplanes nipponensis (nip.po.nen9sis. N.L. masc. adj. nipponensis of or belonging to Nippon, the Japanese name of Japan, where the type strain was isolated).
Gram-stain-positive. Only substrate mycelium is formed. The substrate mycelium is deep orange (RAL 2) on ISP media 2, 3, 4, 5, 6 and 7. A red soluble pigment is produced on ISP 7 medium. After about 10 days, irregular sporangia are observed on sporophores. meso-Diaminopimelic acid is the diagnostic diamino acid of the peptidoglycan. Cell hydrolysates contain the sugars xylose and glucose. The principal menaquinones are MK-9(H 6 ), MK-9(H 4 ) and MK-9(H 2 ) in the ratio 56 : 25 : 10. The diagnostic phospholipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylserine, an unknown glycolipid and various unknown phospholipids (Fig. 3) . The fatty acid methyl ester pattern is mainly composed of iso-C 14 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 16 : 0 , C 16 : 0 , iso-C 17 : 0 , anteiso-C 17 : 0 , C 17 : 1 v9c, C 17 : 0 , C 18 : 1 v9c and C 18 : 0 . D-Glucose, L-arabinose, sucrose, raffinose, D-xylose, myo-inositol, D-fructose and L-rhamnose are utilized, whereas melibiose and gluconate are not utilized (for details, see Table 1 ). Tests for activities of alkaline phosphatase, esterase (C4), esterase (C8), leucine arylamidase, acid phosphatase, a-glucosidase, b-glucosidase and Nacetylglucosaminidase are positive. Tests for activities of lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a chymotrypsin, naphthol-AS-BI-phosphohydrolase, agalactosidase, b-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase are negative. , was isolated from a soil sample in Japan. The type strain produces the lipopeptide 41,012 (Celmer et al., 1977) .
